The distribution of lipids in the liver has been studied rather thoroughly during the past 10 years but most of the observations have been on the livers of normal or diabetic dogs (1, 2, 3) and on rats (4, 5) . Reports of the fat content of human livers, either normal or pathological, have in comparison been limited (6, 7, 8) . Such analyses on human livers are of increasing interest because the experimental studies on the production of fatty livers in animals have suggested not only new etiological factors but also means by which fatty infiltration of the liver might be prevented (9, 10) . One factor obviously capable of influencing the deposition of fat in the liver is the external secretion -of the pancreas. This has been shown by the fact that, when the pancreatic ducts were ligated in dogs, marked fatty infiltration of the liver occurred (11, 12) . This fatty infiltration was not accompanied by any demonstrable disturbance of carbohydrate metabolism but was similar in degree and type to the fatty infiltration of the liver observed in the depancreatized dog. In both the dog with the ligated duct and the depancreatized animal choline in doses of 2 In this study we wished to reexamine the earlier observations of the lipid content and distribution in normal human livers and, in addition, to study the changes that might occur as a result of liver damage. The normal group consisted of 25 subjects killed in accidents in whom no gross pathological findings were observed at autopsy except those connected with the immediate cause of death. The pathological group consisted of 25 patients with well established histories and evidences of chronic alcoholism and 5 cases of cirrhosis of the liver with no history of alcoholism. Liver samples were obtained in most of the cases within 24 hours after death. In order to check the effect of any postmortem changes on the various lipid fractions, fresh specimens of dog liver were kept in the ice box and determinations were done at intervals of ½h, 41½, 23 and 46 hours ( Table I ). The only significant change found was in the apparent concentration of phospholipids (calculated as lecithin) and of neutral fat, which is discussed later. Lipids and their fractions were done by the methods previously described from this laboratory (1) .
RESULTS
The normal group (Table II) In the group of 25 patients with alcoholic histories (Table III) the findings in the livers present certain striking changes. The total lipid was elevated above 9 grams per cent in 13 cases, the highest being 34.8 grams per cent. Of the 13 cases with elevated total lipid, one had meningitis, 2 had pneumonia, 3 had jaundice with ascites and early cirrhosis, one had periportal fibrosis and cirrhosis, one had coronary sclerosis and one had tuberculosis. The increase in total lipid in these 13 livers was due to an increase in the neutral fat fraction. This is the type of change that is always found in fatty livers and is also seen in the livers of depancreatized dogs or dogs with ligated pancreatic ducts (10, 11) . In the remaining 12 cases the total liver lipid varied from 2 to 7.07 grams per cent. Of these 12 cases, in addition to alcoholism, 3 were cardiacs, 2 died following an accident, 1 had a hypernephroma, 1 was a patient with hemochromatosis and diabetes who was admitted in ketosis and was kept on a low fat diet and insulin, 2 had portal cirrhosis and 3 cases were uncomplicated. The complications may have had some effect on the total amount of lipid in the liver, particularly when associated with malnutrition or low fat diets. Undoubtedly, in these cases the phase of fatty infiltration had preceded the cirrhotic stage. The total cholesterol, measured in 16 of the 25 livers, was above 300 mgm. per cent in 10 cases. In 8 cases this elevated cholesterol was in livers in which the total lipid was elevated. The elevation was due apparently to an increase in the esterified fraction, as the free cholesterol averaged 254 mgm. per cent. The increase of cholesterol in the fatty livers was not proportional to the increase in neutral fat, e.g., in
Case 39 the neutral fat was 32.5 grams per cent and the total cholesterol was 317 mgm. per cent, whereas in Case 1, the neutral fat was 11.2 grams per cent and the total cholesterol was 406 mgm. per cent. In depancreatized dogs the cholesterol infiltration into the liver tends to parallel the fatty infiltration (10). The fact that this was not observed in this group of human livers may reflect the difference in the cholesterol content of the diet. Note should be taken of the fact that the majority of these patients had some other complication besides alcoholism.
In Table IV are reported the lipid values in 5 cases of cirrhosis of the liver uncomplicated by alcoholism. There was no elevation of the total lipid in this group, the highest total lipid being 7.68 grams per cent. The total cholesterol was done on 3 livers in this group and was within normal limits. If one assumes that cirrhosis of the liver is preceded by a period of fatty infiltration, these 5 cases should represent the end stage of the disease. Other factors, however, might account for the absence of fatty infiltration, e.g., malnutrition or infection. Of these 5 cases, Case 31 had lobular pneumonia, central nervous system syphilis, cerebral cortical atrophy, and an old calcified tuberculosis. The state of nutrition in spite of these complications was fairly good. Case 13 had arteriosclerosis and lobular pneumonia; the state of nutrition in this patient was good. Case 98 had an enlarged heart with evidence of congestive heart failure; the state of nutrition was fair. Case 38 had no complications, but microscopic sections of the liver showed cords of dense fibrous tissue and a marked alteration in the lobular architecture of this organ; the diagnosis in this case was advanced nodular cirrhosis; the state of nutrition was good. Case 106 was in a poor state of nutrition and had subacute pneumococcus aortic and mitral endocarditis, and acute pneumococcus leptomeningitis; the liver showed early cirrhosis. In 3 of these 5 cases, the degree of cirrhosis of the liver was not advanced. Obviously, this is too small a group from which to draw any definite conclusions, but it seems as if cirrhosis of the liver may occur without previous fatty infiltration. In only one case was the nutritional state really poor.
DISCUSSION
The average total liver lipid in the group of 25 normal livers was 4.98 grams per cent. This agrees with other published observations on human livers and is about the same as the values reported for other mammalian livers. In tissue sampled as this was at varying periods after death, approximately 45 per cent of the total lipid was neutral fat. This is somewhat higher than is found in fresh specimens of dog liver where the neutral fat is approximately 15 to 20 per cent (1) .
In the group of patients with chronic alcoholism, fatty infiltration occurred in 50 per cent of the livers. This observation has been made before but chemical analyses give more definite evidence as to the varying degrees and the character of the fatty changes. Comparison of the individual and average figures in Tables II (normal) and III (alcoholic) shows changes in lipid distribution characteristic of fatty infiltration of the liver, uiz., increase in total lipid due to accumulation of neutral fat, increase in cholesterol esters and a decrease in the concentration of phospholipids. The last may be a dilution phenomenon due to the increase in the size of the liver. The total amount of phospholipid in the entire liver is actually greater in the alcoholic than in the normal group.
The phospholipid values in the normal group cover a wider but lower range than was previously found in normal dogs on a high calorie, high vitamin diet (1) . Apart from differences in the nutritional history, this finding is probably due in part to the postmortem action in the human livers of esterases which split part of the phospholipids so that the fragment containing thie lipoid phosphorus is no longer soluble in petroleum ether, while the fatty acid moiety remains soluble (Table I). Hence, neutral fat values are apparently increased at the expense of phospholipids. Theis (6) also observed a higher ratio of neutral fat to phospholipids in normal human livers sampled at various intervals postmortem than is commonly found in normal animal livers that are analyzed shortly after excision.
Examination of Table I shows that there is approximately a 21 per cent decrease in the apparent phospholipid value within 24 hours after excision of the normal dog liver. If one assumed that an equal decrease occurred in these human livers and corrected for this decrease, the ratio would then approach that found in fresh tissue.
Observations such as these do not unfortunately shed any light on the mechanism of the production of this fatty infiltration of the liver in patients with histories of chronic alcoholism. Discussion of the etiology of this disorder must still rest on experimental data. As mentioned before, fatty infiltration of the liver can be produced experimentally in dogs by depancreatization, by ligation of the pancreatic ducts and by feeding an extreme high fat diet (14) . It can be prevented in depancreatized or duct-ligated dogs by feeding raw pancreas or choline or by feeding water-extracted meat powder in place of raw meat. In addition, Dragstedt (15) has reported a pancreatic hormone (lipocaic) capable of preventing fatty infiltration of the liver but the hormonal nature of the extract used has not as yet been confirmed by other investigators. Whether or not the pancreas is involved in the production of the fatty liver in the alcoholic patient is purely a matter of speculation. Connor (16) has advanced the hypothesis that fatty infiltration of the liver in chronic alcoholism is associated with a disturbance of carbohydrate metabolism. This disturbance, he thinks, may be due either to carbohydrate depletion of the liver or to an interference with the normal utilization of carbohydrate.
The fact that all patients with histories of chronic alcoholism do not develop fatty livers suggests that alcohol alone may not be the sole factor responsible, but the question of why some alcoholic subjects develop this condition while others do not remains a problem that requires further study.
SUMMARY
The livers of 25 normal subjects, 25 alcoholic patients and 5 patients with no history of alcoholism but with cirrhosis of the liver were analyzed for their lipid content. The total lipid content of the normal human livers varied from 2.42 to 8.41 grams per cent. The average total cholesterol was 283 mgm. per cent. Of the 25 alcoholic patients 13 had liver lipids above 9 grams per cent. The average total cholesterol was above 300 mgm. per cent. The total liver lipid was not elevated in the patients with cirrhosis of the liver who were not alcoholics.
